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Abstract 

In this work we study the energy dependence of the J/ip — K* dissociation cross section, using 
a meson exchange model based on effective hadronic Lagrangian that includes couplings between 
pseudoscalar and vector mesons. We also consider anomalous parity terms. Off-shell effects at the 
vertices were handled with QCD sum rule estimates for the running coupling constants, and we 
compare the results with and without form factors. We also study the J/ip — p cross section with 
form factors. The total J/tp — K* cross section was found to be 1.6 ~ 1.9 mb for 4.2 < -^s < 5 GeV. 
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I. INTRODUCTION 



In relativistic heavy ion collisions J/ip suppression has been recognized as an important 
tool to identify the possible phase transition to quark-gluon plasma (QGP) . However, 

even if the QGP is not formed, the J / ip can be dissociated by many other "comoving" light 
hadrons which are produced in such collisions. Therefore, the evaluation of the size of the 
J/ip cross section by light mesons is important to distinguish wheter the QGP is formed or 
the J/ip is dissociated by other "comoving" hadrons. 

Since the cross section of J/tp dissociation by hadrons can not be directly measured, 
several theoretical approaches have been proposed to estimate their values. Some approaches 
were based on charm quark-antiquark dipoles interacting with the gluons of a larger (hadron 
target) dipole J, O, Q or quark exchange between two (hadronic) bags 0, , or QCD sum 
rules 9, 10, 111, whereas other works used the meson exchange mechanism 14. Iisl 

The meson exch ang e approach was apphed to J/ il> — N, J/tjj — n, J/ip — p, and J /%p — K 



cross sections 



exchange approach was applied to J I 

H Q 15, Q, 17, 3, 19, Q- 



In ref. |2(|, analyzing the J/ip — K 
cross section, we have shown that the inclusion of off-shell effects at the vertices, through 
the introduction of QCD sum rule estimates for the form factors, can change the energy 
dependence of the absorption cross section in a nontrivial way. A similar result was obtained 
in 1911 f or the J /ip — 'K dissociation cross section. In this work we extend the analysis done in 
ref. 1201 and evaluate the J/ih — K* cross section using a meson-exchange model, considering 

nn 

anomalous parity terms as in ref. [17|, |20|| and QCD sum rule estimates for the form factors. 
We also study the changes in the J/ip — p cross section caused by the inclusion of the 
appropriate form factors. 



II. EFFECTIVE LAGRANGIANS 

Following refs. [3, ll^ Q, Q, we assume that SU(4) symmetry is exact in order 
to obtain the SU(4) Lagrangian for the pseudo-scalar and vector mesons. The effective 
Lagrangians relevant to study the dissociation of J/ip by K* are: 



(1) 
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Ck^dd. = igK*DD. [k; (Dd'^Ds - D.d^D) + k; ip^d^D - Dd^Ds 

D*^({d,Dr)K: - {d,Kl)Dr) + D*^({d,K*'')D:^ - {d,Dl)K* 



(2) 
(3) 

(4) 
(5) 



K*ipD*D* 



-gK*iPD*D* 



D 



(6) 
(7) 

(8) 



where we have defined the charm meson and K* iso-doublets D = {D^,D^), D* = 
{D*°,D*+) and K* = {K*^,K*+). 

The anomalous parity terms, introduced in ref. for the J /ip — n and J /ip — p cases, 
important for the J /ip — K* case are: 

C^D^D = g^D^De^^'^^d^il,, {d^D;D + d^Dp) , (9) 
C^DtDs = g^DtD^e^'^'^^d,^, (d^Dlf^D, + d^Dl^,) , (10) 

CK*D-tD = -gK'D-tDe^'"'^ (d^Kid^Dip + d^Kldo^Dlf^D) , (11) 

Ck'D.d* = -gK*D.D*e^''''^ (d^Kld^DlD, + d^Rtd^^Dp,) , (12) 
-d,^,(KlDlD,-KlDlD, 

Ck*d*d^ = igK'DtD^e>'''''^'iP^ {-dpDKDl + dpDKpl 

Iiuaf3 



(13) 



-d,i,,(K:D:p - k:d:p)\ (m) 



The processes we are interested in studying for the dissociation of J/ip by K* are repre- 
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(2e) 



Ds D Ds D Ds D Ds D Ds D 




J/\|/ K J/y 



(3e) 



Ds D d; D D; D Ds 




K J/y K J/\f 

(4d) (4e) 



FIG. 1: Diagrams for J/ip absorption processes: 1) ^ D^D; 2) ^ D*D*; 3) ^ 

£)sL>*; 4) ^ D*D. Diagrams for the processes ^ ^^D, ^ D*D, K*il) D^D*, 
and K*'iIj D*D arc similar to (la)-(le) through (4a)-(4e) respectively, but with each particle 
replaced by its anti-particle. 



sented by Fig. 1. They are: 



K*J/'i/j - 




K*J/7jj - 


■^DDs, 


K*J/iP 


DID*, 


K*J/i/j - 


D*Dl, 


K*J/'ijj 


DsD*, 


K*J/'ijj - 


D*Ds. 


K*J/i^ - 


> d:d, 


K*J/i^ - 


DDI 



(15) 
(16) 
(17) 
(18) 
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Since the two processes in eqs. ffT3j) . (fT^ . (fT7|) and (fTHjl have the same cross section, in Fig. 1 
we only show the diagrams for the first process in eqs. (fT3j) through (fTHj) . 

Defining the four-momentum of the K* and the J/ip by pi, p2 respectively, and the 
four-momentum of the final-state mesons by p3 and ^4, the full amplitude for the processes 
K*il) DgD, shown in diagrams (1) of Fig. 1, without isospin factors and before summing 
and averaging over external spins, is given by 



(19) 



with 



D , 



MZ 



-QK-DsOg^DsDs (-Pl + 2p4) 



u — m 



{-Pi -Pz+PiT ■ 



Ds 



MZ = gK'^DD.g'"'. 



t — m|,. 



-'^-'le — 2 ^ ^ "a 



\9cil3 - 




-P3)a{pi -P3)l3 




ml. 


[gap - 


{P2 


-P3)a{p2-P3)p 




ml. 



PlaP25P3pPAx^ 
PlaP25P3xP'ip, (20) 



where t = {pi — p^)"^ and u = {pi — p^Y- 

Similarly, the full amplitude for the processes K*ip D*D*, shown in diagrams (2) of 
Fig. 1, without isospin factors and before summing and averaging over external spins, is 
given by 



\j=a,b,c,d,e 



(21) 



where 



2a — 9ipD'-D*9K*D*D* 



2p^^7"' + (-pi-p3)V + 2p^.^ 



t — ml* 



9af3 



(Pl -P3)a{pi -P3)p 



-2pl/'^ + {P2 + P.fg''^ - 2plg,p 
M^T'^ = gK*D'Dt9^DtDt [-2pjg''^ + {pi+p,Tg^^ + 2p>ig^,] { ^ 

' {Pl-PA)a{Pl-P4)l3^ 



gafS 



ml. 



2P^^7'^^-(P2+P3)V + 2P3^^7^A 
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^^2d — 7 2 ^ ^ PlaP2SP3pP4x, 

L TJX 



. gK*D,D*gi,D*Ds n-yap^vXSx 



u — m 



PlaP25P3sxP^p- 



(22) 



Ds 



Calling the four-momentum of the pseudo-scalar and the vector final-state mesons by pa 
and p4 respectively, the full amphtude for the processes K*ilj DgD* shown in diagram (3) 
of Fig. 1 is 



with 



Ms ^ Mrei,e2.el^ = I E Mr I 61^^2.6:^, 

\i=a,b,c,d,e 



gK*D,D*gi,D*D* / (Pl -P3)a(Pl -P3)/3 ^ ^ ^ 



(23) 



-'^^36 



_ gK*DtD*g^pDtDs ^uSx0 



ga(3 



{Pl-P4)a{pi-P4>i 



2 



u — mjj* 

I2pjg-^ + i-pi - P^Tg-^^ + 2p^,g^,] , 

= gK*D*D.i.e^'"''pz5 + hK*D*D.i,e^'''~''{pi + 3p4 -P2)5, 
-'^^3d — ^ + ^2 ^ P2SP4xP3, 



P2SP3X 



u — m 



(24) 



For the diagram (4) in Fig. 1, representing the processes K*'il} D^D, calling the four- 
momentum of the vector and pseudoscalar final-state mesons respectively by ps and p^, the 
full amplitude is given by 



with 



3A 



\i=a.,b,c,d,e 



Mi 



_ _gK*DlD*gi^D*D_ vxSP 



4a 



t — ml 



D* 



(Pl -P3)a(Pl -P3)/ 
gap 2 



P2SP4x 



2p\g-^ + (-P1 - PsTg^" + 2p^^«A , 

^ gK*DDtg^DtDt fa0 _ {Pl - PiT {Pl - Pif ' 



2 



^IxapaPlaPip 



2py + {-p2-P3fg"' + 2p'^gpx], 



(25) 



^^^4d — ^ 7 2 ^ PlaP4pP4, 



After averaging (summing) over initial (final) spins and including isospin factors, the 
cross sections for these four processes are given by 

dcr2 _ 1 ^jp.u\-f t^j*ijl'u'\'^' I PlfiPlfi' \ ( P2uP2u' \ 



at 576tispI^^ \ m( J \ "^2 / 

X ^AV - — ^ 9w - — rj^ ' (28) 



) \ ml 

~ j^^^ 9f^f^' 32^ 9uu' -r- 



and 



dt 576nspf^^j^ \ mf J \ J 

<L.-'-^), (29) 



^ ( ^AA' :::r- ' (30) 



with s = (pi +^2)^, and 

2 _ [g - (mi + ma)^] [s - (mi - m2f] , . 

being the three-momentum squared of initial-state mesons in the center-of- momentum (cm.) 
frame. 



III. RESULTS 

Exact SU(4) symmetry would give the following relations among the coupling constants 



9k*d,d — 9K*D*Dt — , 

9 

9ipDD — 9ipDsDs — 9^D*D* — 9i^D*D* — , 



7 



9' 



2V3 
.2 



9 



4^3 



9i)D'D — 9ipD*Ds 



9k*DD% — gK'WDs 



V^9lNc 
V29IN, 



3 h 



ipK*DD* 



2567r2F3 ' 



(32) 



where = 3 and = 132 MeV. 

None of the above couplings are known experimentally, and one has to use models to 
estimate them. In refs. (l9L l2r| . the J/-ip — n, J/ij) — p and J/ip — k cross sections were 
evaluated by using form factors and coupling constants estimated using QCD sum rules 
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2J|. The results in ref. 



la coupj 



show that, with appropriate form factors, even 



the behavior of the cross section as a function of ^/s can change. In this work we use the 
brm factors in the vertices J/ipDD, J/il)D*D and pDD, determined from QCD sum rules 
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and the above SU(4) relations to estimate the form factors and coupling constants 
in all vertices. 

From ref. j^] we get g^poD* = 4.0 GeV~^ and g^poD = 5.8. Using these numbers in the 
SU(4) relations given in Eqs. (jH^ we obtain 



gi>DD = g^jDsDs = giiD*D* = gipDlDl = 5.8, gK*DsD = gK'D'Dl = 5.0, 

gtl>K*DsD = 58.2, g^K*D*D'' = 29.0, gipD*D = gipD*Ds = 4.0 GeV \ 

gK*D*D = gK*DsD* = 6.9 GeV"\ 
gtpK*D*Ds = gil>K*DD* = 24.8 GeV \ 



h 



hihK*DD* — 8.3 GeV 



(33) 



The form factors given in ref. 25[ are 

(D*) / \ / —(21^ 

gi^DD*{t) = gi'DD* e U8.6 

gfL^t) = g^DD* (3.3 e-(l^ 

gfooit) = g^DD (2.6 e~(T^ 



hit), 

= g-tpOD* h2{t), 



(34) 

(35) 
(36) 
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where (7123 means the form factor at the vertex involving the mesons 123 with the meson 
1 off-shelL In the above equations the numbers in the exponentials are in units of GeV^. 
Since there is no QCD sum rule calculation for the form factors at the vertices K*DsD, we 
make the supposition that they are similar to the form factor at the vertex pDD. From 
ref . we get 

(D) , , /(3.5 GeV)2 -m2„\ , ^ 

9pDD{t) = 9pDD 1 (3 5 GeV)^ - t ) ^ ^"^^ ^ ' 

With these form factors the amplitudes will be modified in the following way: 

Mia h^{t)hi{t, m'^JMia, Mib hi{u)hi{u, ml)Mib, (38) 
for i = 1,2, with rriia = rriD, = riiD^, = rn}j, and = mo*- 



Mi, 



\ {hit)h{t, ml) + h^{u)hi{u, ml)) Mi„ Mu ^ hi{t)hi{t, mla)Mu, 



Mi, hi{u)h^{u,mi)Mi„ M2d hit)h^it,ml)M, 



2d, 



M2e h2{u)K{u, m^jMse, (39) 
for i = 1,2 with = m£,*,mig = m^*, m2d = frtn and m2e = fnos- 

u, m\),)M^b 

Msc 7 (h3{t)h4{t,ml,-,) + hi{u)hi{u,m\,.) + h2{t)h4{t,m%)) + h3{u)h^{u,m% 



4 

Msd ^ h2{t)h^{t, ml)Msa, M3, h^{u)K{ u,mjjjMse (40) 



and 



hi{t)hi{t,ml.)Mia, M^b ^ h{u)hi{ u, m\)t)M, 



46, 



^ {hi{t)hi{t,m\),) + h^{u)hi{u,m\),) + h:i{t)hi{t,my) + hi{u)h4{u,m%j) 
Mm h{t)h^{t, ml)MM, hi{u)h^{ u,mjjjMie- (41) 

One can argue that our prescription to introduce the form factors in Eqs. (j38p through 
()4H1 might spoil the current conservation associated with the J/ip current. However, this is 
not the case. Let us consider, for instance, the full amplitude associated with the processes 
represented by diagrams (1) in Fig. 1: Aii'^ == J2j=a,b,c,d,eM.ij . Keeping only terms that 
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will contribute to the cross section, it can be written as 



+A6PK + +A7P^P4+A8^7"^ (42) 

where, before introducing the form factors, these A's depend only on the coupling constants 
and masses. 

Without interfering in the final result for the cross section, the amplitude in Eq. ()42|) can 
be rewritten as 

A^M^ A I V P2.pl \ / p2.p3 \ / p2.pl \ 
M{ = Ai pi 2— P2 + A2 P3 —P2 + A3 Pi —P2 Pa 

. f. I y p2.p3 A I ^ p2.p4 \ / p2.pl \ 

+A4 P3 —p^ P4 + A5 P4 —P2 + Ae Pi —P2 P3 

/ p2.p4 \ / , p2^\ 

+A7 P4 - -I^P2 ]P2+^s\g^ - , (43) 

which is explicitly gauge invariant independently of the values of the parameter A,. There- 
fore, our prescription in keeping gauge invariance when the form factors from Eqs ()38|1 to 
(I41|l are introduced, is to introduce new terms, proporcional to pj, in the amplitude, as in 
Eq. ()43p. A different prescription can be found in ref. [igj ]. 

We first analyze the J/?/' dissociation cross sections by K* without considering the form 
factors, z.e., we use the expressions for the amplitudes in Eqs. through (pUj) . We will 
be always including the contributions for both J/ipK* and J/ipK* . 

In Fig. 2 we show the cross section of J/ip dissociation by K* as a function of the 
initial energy y/s. The dot-dashed, dotted, dashed, long-dashed and solid lines give the 
contributions for the processes J/^ K* + J/^p K* ^ D + D D^, D* D* + D* D% 
D D* + D D*, D* Dg + D* Dg and total respectively. From this figure we can see that 
the process J/ip K* + J/tp K* —>■ D Ds + D Dg has a different dependence with the 
energy near the threshold as compared with the processes J/ip K* + J/ip K* D D* + 
D D* + D* Ds + D* Ds and J/ip K* + J/ip K* D* D* + D* D*. This difference in 
the behaviour of the cross section can be understood by noticing that while for the process 
J/ip K* + J/ip K* — > D Dg + Dg D, + mx* — {mo + mcj is positive, for the other 
processes the mass difference between the initial and final states is negative. This means 
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s (GeV) 

FIG. 2: Total cross sections, without form factors, for the processes J /if: K* + J/ip K* D Dg + 
D Ds (dot-dashed hne), D* D*+D* D* (dotted hne), D D*+D (dashed hne) and D* D,+D* 
(long-dashed line). The solid line gives the total J/ip dissociation by K* cross section. 



that the process J/ ip K* + J/ip K* —>■ DDg + DDg is exotermic and can happen even 
with K* and J/ip at rest. The other processes are endotermic, i.e., the reaction only occurs 
if either J/ip or K* have some initial energy. 

We see also that until ^/s ~ 4.6 GeV the process J/^p K* + .J/ip K* ^ D* D* + D* D* 
dominates. However, for higher values of ^/s the processes given by diagrams (3) and (4) 



in Fig. 1 are the most important ones. This is similar to what was found in ref. 
J/ip dissociation by p mesons. 



17i for the 




FIG. 3: Same as in Fig. 2 but with form factors. 
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In Fig. 3 we show the same processes considered in Fig. 2, but with form factors. This 
means that we are now using the amphtudes given by Eqs. ()38|) through ()41|) . The first 
important conclusion is that the use of appropriate form factors do change the behavior of 
the cross section as a function of ^/s, as obtained in refs. jiol . [2^. The processes more 
affected by this change are the ones represented by diagrams (3) and (4) in Fig. 1. While 
the total cross section obtained without form factors show a very strong grown with ^/s, 
this is not more the case when the total cross section is obtained with form factors, as can 
be seen in Fig. 4, where we show the total cross section evaluated with and without form 
factors. 

30 r ' ' ' ' , ' ' ' ' , ' ' ' ' 1 

25 - 
20 - 



J2 




) I ' ' ' ' ' ' ' < ' ' ' ' 1 

3.5 4 4.5 5 



s"' (GeV) 

FIG. 4: Total J/ip dissociation cross section as a function of the initial energy. The solid and 
dashed lines give the results for J/ip absorption by K* with and without form factors respectively. 
The dotted line gives the results for J/ip absorption by p with form factors. 



One important result of our calculation is the fact that, using appropriate form factors 
with cut-offs of order of ~ 3.5 GeV (see Eqs. ((311) through (jSZI)), the value of the cross section 



can be reduced by one order of magnitude. The same effect was obtained in refs. 
using monopole form factors, but with cut-offs of order of ~ 1 GeV, which are considered 
very small for charmed mesons. 

In Fig. 4 we also show, for comparison, the total cross section for J/ ip absorption by p's 
(dotted line) using the same form factors and coupling constants give n here, and the value 
4.3 for the pDD coupling constant obtained using QCD sum rule |2J]. 

Other important result that we can see by this figure is that, even with form factors, the 
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J/ip p dissociation cross section still increases with y^, differently to what happens with 
the J /if) K* dissociation cross section. The reason for that is the fact that, without form 
factors the J /ip p dissociation cross section increases, with -y/i, in a much stronger way than 
the J/ip K* dissociation cross section, as can be seen by Fig. 5. 

70 I ' ' ' ' , ' ' ' ' , ' ' ' ' 1 

60 - / - 

50 - 
^40 - 




FIG. 5: Comparison between the J/ip K* dissociation cross section (solid line) and J/'0 p dissoci- 
ation cross section (dotted line) without form factors. 



IV. CONCLUSIONS 

We have studied the cross section of J/ip dissociation by K* in a meson-exchange model 
that includes pseudo-scalar-pseudo-scalar-vector-meson couplings, three-vector-meson cou- 
plings, pseudo-scalar-vector-vector-meson couplings and four-point couplings. Off-shell ef- 
fects at the vertices were handled with QCD sum rule estimates for the form factors. The 
inclusion of anomalous parity interactions (pseudo-scalar- vector- vector-meson couplings) has 
opened additional channels to the absorption mechanism. Their contribution are very im- 
portant especially for large values of the initial energy, ^/s > 4.7 GeV. 

As shown in Fig. 2 our results , w ithout form factors, have the same energy dependence 
of J/ip absorption by p from ref. [131 • The inclusion of the form factors changes the energy 
dependence of the absorption cross section in a nontrivial way, as shown in Fig . 3. This 
modification in the energy dependence is similar to what was found in ref. |l9| for J/ip 
absorption by p. 
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With QCD sum rules estimates for the couphng constants and form factors, the total 
J/ip — K* cross section was found to be 1.6 ~ 1.9 mb for 4.2 < ^/s < 5 GeV. Using the 
same form factors and QCD sum rules to estimate the value for gpDD we get for the J/ip — p 
total absorption cross section 3.0 ~ 10.0 mb, in the same energy range. 
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